INTRODUCTION
The energy resources of fish spermatozoa have lacked detailed investigations until now. Studies have been performed on Cymatogaster aggregata; Poecilia sp spermatozoa and Oncorhynchus mykiss (Terner and Korsh, 1963a, b) . Glycolysis was found to occur in spermatozoa of internally fertilizing fish, while sperm cells of externally fertilizing fish were found to use lipids . Due to the limited amount of data a generalization of this concept is problematical.
In the rainbow trout (Oncorhynchus mykiss) spermatozoa mainly metabolize fatty acids and are capable of glycolysis to only a small extent (Terner and Korsh, 1963a, b) . During motility, which in the trout is short and lasts < 1 min, spermatozoa rely mainly on endogenous energy reserves (ATP) which are readily available . When spermatozoa are shed into fresh water, it is the osmotic shock that ends motility . However, when motility is initiated in physiological saline solution, ATP levels can be regenerated after motility has ended and motility initiated a second time (Minassian and Terner, 1966; . The Lipase activity was investigated by the titrimetric method of Junge (Bergmeyer, 1985) with a 25% suspension of olive oil as substrate (concentration in assay) (incubation time: 3 h, 4°C) phospholipase activity by the titrimetric method of Magee and Uthe Bergmeyer, 1985) . Glucose-6-phosphate dehydrogenase was measured by UV-spectrophotometry using 3.3 mM glucose-6-phosphate as substrate (Deutsch, in Bergmeyer, 1985) . Fatty acid synthase was measured by a spectrophotometric assay according to Roncari (Bergmeyer, 1985) . Fructose was measured with phosphoglucose isomerase, hexokinase and glucose-6-phosphate dehydrogenase, sucrose with invertase, hexokinase and glucose-6-phosphate dehydrogenase. For both determinations the methods of Beutler (Bergmeyer, 1985) were used. Lactose and galactose determination also followed the method of Beutler (Bergmeyer, 1985) with fl-galactosidase and galactose dehydrogenase. L -Lactate was measured according to the assay of Noll (Bergmeyer, 1985) , hydroxybutyrate according to . Phosphatidylcholine was determined with phospholipase C and choline kinase according to Schiefer and Beutler (Bergmeyer, 1985 In freshly collected rainbow trout semen 95% of the spermatozoa had an intact morphology ( fig 1A) . In the remaining 5% the plasmalemma and the nuclear envelope showed signs of swelling and an abundance of vacuoles were found in the cytoplasm (fig 1 B) . In spermatozoa incubated in the seminal plasma for 150 min no fine structural changes in comparison to freshly collected spermatozoa were found. Also in spermatozoa diluted in the physiological saline solution, no fine structural changes could be observed up to incubation periods of 16 h. After an incubation period of 36 h, only 50% of spermatozoa had a similar intact structure to freshly collected spermatozoa. The remaining spermatozoa showed structural changes, as numerous vacuoles originated in the cytoplasm and the nuclear envelope was lifted off the chromatin material in some places (fig 1 C) .
Furthermore, the formation of lamellar structures was observed in the spermatozoa, which might indicate the occurrence of degenerative processes (fig 1 D) (Billard, 1978; . Avoid- ing an osmotic shock by initiating motility in a physiological saline solution, motility is terminated due to the loss of ATP which is regenerated after motility has ended (regeneration phase) . Therefore the utilization of readily available ATP is the most important energy source for flagellar beating. However, the present study demonstrates that spermatozoa do not exclusively use accumulated ATP. Glycolysis occurs during the first 30 s of motility characterized by highest flagellar beat frequencies to regenerate ATP levels. As the ATP levels cannot be maintained .
In the spermatozoa of the cyprinid fish Leuciscus cephalus glycolysis also occurs during motility. In contrast to the representatives of the Salmonidae family, in this species belonging to the Cyprinidae family spermatozoa lack lipase activity and are only capable of using monosaccharides as energy reserves . In mammals spermatozoal motility persists up to several hours and fructose is the most important energy substrate for flagellar beating at the beginning of incubation in = 60% of the investigated samples spermatozoa synthesize triglycerides and glycolysis occurs for providing energy. Triglyceride synthesis of spermatozoa of the rainbow trout is shown by the occurrence of a fatty acid synthase and glucose-6-phosphate dehydrogenase activity and by the significant increase in triglyceride levels and has also been described by Holtz, 1983). As lactate levels did not increase during incubation experiments and also oxygen-consuming triglyceride catabolism occurred, the decrease in oxygen seems to play no role under the present experimental conditions.
